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Abstract 
Problem 

To present a thermocouple deterioration prediction device having a simple configuration 
and capable of detecting and predicting the deterioration of a thermocouple easily. 

Means to solve 

Thermocouple deterioration prediction device equipped with a current source (5) for 
supplying a prescribed current to a thermocouple (1) intermittently and a processing means (3) 
for measuring the resistance value of the thermocouple (1) from drop in voltage when current is 
supplied to the thermocouple (1) from the current source (5) in order to predict and report a point 
in time at which deterioration will occur using a prescribed relationship based on change in said 
resistance value over time. 
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Claims 

1. Thermocouple deterioration prediction device characterized by being equipped with a 
current source for supplying a prescribed current to a thermocouple intermittently and a 
processing means for measuring the resistance value of the thermocouple from drop in voltage 
when current is supplied to the aforementioned thermocouple from the aforementioned current 
source in order to predict and report a point in time at which deterioration will occur using a 
prescribed relationship based on the change in said resistance value over time. 

2. Thermocouple deterioration prediction device described under Claim 1 and 
characterized in that the aforementioned prescribed relationship is revised according to results of 
measurement by the thermocouple. 

Detailed explanation of t he invention 
[0001] 

Technical field of the invention 

The present invention pertains to a device for predicting deterioration of a thermocouple. 
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[0002] 
Prior art 

Thermocouples are widely utilized for the measurement of temperatures of heating 
furnaces and the like. However, used in high temperature atmosphere over a long period of time, 
they deteriorated. 

[0003] 

Because there has been no good method for predicting deterioration in the past, 
comparative testing was carried out periodically in reference to a standard thermocouple, or [the 
thermocouple] was replaced periodically after it had been used for a prescribed period of time 
based on experience. 

[0004] 

Problem to be solved by the invention 

However, an expensive testing device must be prepared for comparative testing, which 
takes a significant amount of time. In addition, when the thermocouple is replaced periodically, a 
useable thermocouple is sometimes wasted by the replacement. 

[0005] 

In the light of the aforementioned points, the purpose of the present invention is to 
present a thermocouple deterioration prediction device having a simple configuration and capable 
of detecting and predicting deterioration of thermocouples easily. 

[0006] 

Means to solve the problem 

The present invention is a thermocouple deterioration prediction device equipped with a 
current source for supplying a prescribed current to a thermocouple intermittently and a 
processing means for measuring the resistance value of the thermocouple from drop in voltage 
when current is supplied to the aforementioned thermocouple from the aforementioned current 
source in order to predict and report a point in time at which deterioration will occur using a 
prescribed relationship based on the change in said resistance value over time. 

[0007] 

Embodiment of the invention 

Figure 1 is a diagram for explaining the configuration of an application example of this 
invention. In Figure 1, (1) is a thermocouple whose tip is provided as the target of measurement. 
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The thermal electromotive force from said thermocouple (1) is measured by means of a 
measurement means (2) containing an amplifier and an A/D converter, and said measured 
voltage is supplied to a processing means (3). The processing means (3) comprising a nCPU and 
the like carries out computation processing for converting the measured voltage into a 
temperature using a first relationship between the normal thermal electromotive force and 
temperature determined for the thermocouple type pre-stored in a memory (4) to allow a 
temperature output. In addition, the processing means (3) turns on a switching means (6) as 
needed or at prescribed intervals periodically in order to supply a prescribed current to the 
thermocouple (1) from a current source (5), the drop in voltage then is measured by the 
measurement means (2) and supplied to the processing means (3), and the processing means (3) 
measures the resistance value of the thermocouple (1). Then, the processing means (3) calculates 
a resistance value corresponding to the temperature previously measured by the thermocouple (1) 
from a second relationship between temperature and thermocouple resistance pre-stored in the 
memory (4) and compares said calculated resistance value with the resistance value of the 
thermocouple obtained from the voltage drop when the current was supplied to the 
thermocouple (1) from the current source (5) in order to detect and predict deterioration of the 
thermocouple (1). 

[0008] 

In other words, as shown by the solid line (A) in Figure 2, the aforementioned second 
i-elationship between the measuring temperature (T) and the resistance value (R) of the 
thermocouple, or a resistance ratio (R/RO) obtained by dividing by the resistance (R0) obtained at 
a certain temperature (TO), is then stored in the memory (4) in advance in addition to the first 
relationship between the normal thermal electromotive force and temperature. Then, a threshold 
level (for example, ±10%) for the range of resistance value is prescribed for each temperature as 
shown by the dotted-line curves (B) and (C); whereby, deterioration is detected when said [level] 
is exceeded. Then, a prescribed relationship is used to predict and report a point in time at which 
deterioration will occur, or the aforementioned threshold level will be reached, based on the 
change in the resistance value over time, Obviously, because resistance is proportional to 
voltage, a voltage value may be utilized for the comparison. Furthermore, because the resistance 
ratio (R/RO) is fixed according to the type of thermocouple (1), the length and the thickness of 
the thermocouple cause no effect when the resistance ratio (R/RO) is utilized for the comparison. 
In addition, temperature ratio (T/TO) relative to an appropriate reference temperature (TO) may be 
utilized for the comparison. 
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[0009] 

Based on what has been described above, the thermal electromotive force of the 
thermocouple (1) is measured using the measurement means (2), and the temperature (T) is 
determined using the processing means (3) based on the aforementioned first relationship in 
order to calculate a reference resistance value (Rr) corresponding to the temperature (T) from the 
aforementioned second relationship between temperature and resistance of the thermocouple 
pre-stored in the memory (4). Next, the switching means (6) is turned on to supply a prescribed 
current (i) intermittently to the thermocouple (1) from the current source (5), and resistance value 
(R) of the thermocouple (1) is measured from voltage drop during the supply [of current]. Then, 
the processing means (3) compares said resistance value (R) with the reference resistance value 
(Rr) corresponding to the measuring temperature (T), and deterioration of the themiocQuple (1) is 
predicted based on said difference. For example, as shown in Figure 2, when the resistance value 
(R) has penetrated the threshold levels (B) and (C), deterioration is detected, or the point in time 
at which said deterioration resistance value will be reached is predicted through calculation and 
forecast/prediction information is output. 



[0010] 

That is, for example, change in the resistance value (R) of the thermocouple (1) 
corresponding to the time (t) at which the threshold level at a certain prescribed temperature is 
reached and exceeded is shown in Figure 3. From the point (tl) in time at which the reference 
resistance value (Rr) has been exceeded slightly to reach the resistance value (Ri ) after 
deterioration has begun to progress, resistance value (R2) at the point (t2) in time after a 
prescribed amount of time (At) has passed from said [time (tl)] is obtained. Deterioration time 
(point in time) (tx) at which a deterioration resistance value (Rx) is reached is predicted through 
calculation using a prescribed relationship (deterioration function (F)), that is, a third _ \ 
relationship, stored in the memory (4) based on the changing rate K = AR/At of the change in the 
resistance value AR = R2 -Rl relative to the change over the time At = t2 - tl; and said predicted 
time (tx), or the amount of time before said time (tx) is reached, is reported by processing means 
(3). 

[0011] 

For example, assuming simply that the deterioration function (F) is a linear function of 
resistance value (R) relative to time (t), deterioration time (tx) and the amount of time before it is 
reached (tx - 12) can be shown as follows based on the magnitude of the aforementioned 
changing rate (K). 
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[0012] 

tx = (Rx-R2)/K + t2 (1) 
tx-t2 = (Rx-R2)/K (2) 

As shown above, the point (tx) in time at which deterioration occurs can be predicted and 
reported based on the change in the resistance value (R) over time using a prescribed 
deterioration function (F), and different deterioration functions (F) should be utilized depending 
on the type of the thermocouple (1) or the measuring temperature. In addition, a learning 
function can be provided to the processing means (3) for optimization; whereby, the 
thermocouple (1) is used for on-site measurement, and the deterioration function is corrected, 
renewed, and stored in the memory (4) according to the measurement result on the change in 
resistance relative to the time measured under a specific environment at the actual site. 

[0013] 

Incidentally, assuming that the resistance of the thermocouple (1) at the temperature (T) 
is denoted as R, the resistance at other parts, such as a part where a compensation conductor is 
present, as rl, and the thermal electromotive force at the temperature (T) as V0, when the current 
(i) is sent to the thermocouple (1) from the current source (5) during the normal measurement, 
the measured voltage (VI) can be expressed by the following equation. 

[0014] 

VI = V0 + i (R + rl) = i-R + (V0 + i-rl) (3) 

From this [equation], 

R = [Vl-(V0 + irl)]/i (4) 
is obtained. Here, (V0 + i-rl) can be ignored if it is sufficiently small. Otherwise, V0 can be. 
obtained through normal measurement, the current value (i) is a value to be set, and the 
resistance (rl) is already known from the type of the compensation conductor. Deterioration can 
be predicted in the manner using said resistance (R) obtained after correction according to the 
aforementioned third relationship between temperature and resistance. 

[0015] 

In addition, although the aforementioned deterioration prediction was explained based on 
the change in resistance relative to time, voltage, resistance ratio, and temperature are also 
included therein, presenting the same effect. 



7 



[0016] 

Effect of the invention 

As it has been described above, the present invention is a thermocouple deterioration 
prediction device equipped with a current source for supplying a prescribed current to a 
thermocouple intermittently and a processing means for measuring the resistance value of the 
thermocouple from drop in voltage when the current is supplied to the aforementioned 
thermocouple from the aforementioned current source in order to predict and report a point in 
time at which deterioration will occur using a prescribed relationship based on the change in said 
resistance value over time. Thus, a point in time at which deterioration of a thermocouple occurs 
can be detected and predicted constantly from the change in resistance of the thermocouple. 
What is more, because a comparison is made with a reference resistance value corresponding to 
the measuring temperature, deterioration can be predicted sufficiently regardless of the 
temperature under which the measurement is taken by the thermocouple. In addition, the length 
and the thickness of the thermocouple cause no effect because the relationship between resistance 
ratio and temperature can be utilized in addition to the resistance. In addition, if the temperature 
is increased during the actual operation, the temperature generated by the thermal electromotive 
force of the thermocouple and the resistance value at that time are obtained, and the relationship 
therein is used for deterioration prediction so various kinds of compensatory computation are no 
longer needed. In addition, if thermocouples are installed in multiple channels, deterioration of 
each thermocouple can be predicted by measuring the resistance value every time an input is 
taken in through each channel by means of an input switch. In addition, constant optimum 
deterioration prediction can be achieved through the provision of a learning function to the 
processing means; whereby, the thermocouple is used for on-site measurement, and the 
deterioration function is corrected, renewed, and stored in the memory according to measurement 
results on the change in resistance value relative to time measured under a specific environment 
at the actual site. 

Brief description of the fieures 

Figure 1 is diagram for explaining the configuration of an application example of the 
present invention. 

Figure 2 is diagram for explaining the operation of the application example of the present 
invention. 

Figure 3 is diagram for explaining the operation of the application example of tire present 
invention. 



Explanation of symbols 

1 Thermocouple 

2 Measurement means 

3 Processing means 

4 Memory 

5 Current source 

6 Switching means 



Of 




T 



Figure 2 



t X t2 



Figure 3 



(19)B*H»JW (J P) (12) & ffl & & Wi (A) (HWfHBSKHMW 

^W¥10-232170 

(43)&0BB ¥*10¥(1998)9^2B 



(51)Inta.' 




FI 






GO 1 K 7/02 




GO IK 


7/02 N 




G 0 1 R 31/00 




G0 1R 31/00 










M*WW»2 FD 


4 H) 


(21)fflH»# 


*SH¥9 -52297 


C71)WBA 


000133526 














(22) ABB 


¥j£9*P(1997)2fl20B 












(72)*W# 






























(72)»fl# 


*w 










««is««Kia»tr32»8^ 















(54) BB9lCD£ft] !fc«t^^iffl8» 



(57) [££)] 

[SIS] »SJ-««*t©*ffc€:**P> * 



< 



6 -£ 



T 



T 



/ 



(2) 



0-2 3 2 1 7 0 



l x n&r z tom^m t & « * * z t t + * 

[o o o 1 3 

[0 0 0 2] 

[0003] a*, *{k*^jii-ra&v^ffiii*<, s 

[0004] 

«*+*»*-ci4«w «r«*»w#*-css*-t-« r k h 

[0 0 0 5] r<D«W©ittl4, EA±0>/SfcB#* ffi£ 
[0 0 0 6] 

%mm<ow»zm\<wm&ttm\sxni-ztem¥& 

[0 0 0 7] 

-rmimm®xbz 0 ®i\z&^x. m^mmmm 
nmzwu'fbiMzt&n.Mx, zvmnnifrbom&m 
fin, mm®. A/Dm&%%z$t*mfe*®2xmfe 

vzfxvtaz&im^ms^ bbfrc&**}) 4Mistg 



c * y 4 iwiett ztitzum t mmtoimm k <nm 

<0««**tt«U l <0*ffc£*fcK WTSo 

[0 0 0 8] o£9, B2w£|*|<ofllftA-e^"t-J: 5 

&<Dmz, 89£i&&Ti:, *<0*#<0»«#<0«fiWI 

R, ^fcf4^5^T0(^i:#C0|g^iR0-Cfio^^: 
JtR/R0t©±IB*2<OS»«:IEtt-*lrtUT*5< e 
*LX, #fl*fc#U £»<z>i&i»B, c-c^-fgfSo 

»R«»&iR#w<A' («;ttf±io%) m 
£<tkmm-zzkti*x%z>o *tr, 

rt#4v\, ajEfc**fi*TOfc<0Mtt;T/ 

[0009] a±or fc36»e>, mnn i<Dm&mfizm 
tt®2xmizi^ ±K*i©H«^e>«Hi¥a3Tift 

6 v * u mmm 5 ^ f>^m^ i ^mm^mm \ z 

«TlC»«-*-SSm<DStli«R r k*&m^®3Xlt® 
2T^i-J:p(c, fiftfiRiJSffiJU^^/UB, C^ixfc 

i-mmi,, ^to-^mwtm**mz&tomfi'tZo 

&ttzmfti''<MzmLxm±xft< i^wra tt-*t 
■r*f»«*ti©igjffi«R©ae{k«:*i*o ^MbtfitfTU* 

S!H©«a*aR r «r^ax.fcfigiffiR 1 fc*ofc 

= 1 2-t i ^*H-5«a<sse^AR=R2-R i oae 

*«3li^«lc*«B-*-S. 

[ooii] {w^ii, m v «ftBBftFASKin t ir^-r 



(3) 



0-2 3 2 1 7 0 



t x= (Rx-R2) /K + t 2 
t x-t 2= (Rx-R2) /K 

V l =V0+ i (R+ r 1 ) = i 
r= [v 1- (V0 + i • r 1) ] 

(vo+i'rDtt, -HM>£tt 
9 > i ttSSt^tt-efe 9 . fiftfl r l tt, MfR^jR 

[0 0 15] tit. ±E*ft^»4, «tt*fl>*nni2:# 
flit, i&£Jt^t>, HfkoSMiastt&ti 

[0 0 161 



[00 12] 



(1) 
(2) 



[0013] aur^nei*. sms <t>m 

[0 0 14] 



• R + (V0+ i • r 1) 



(3) 



/! (4) 

Has] r©»w©-Jiifc««r*+«i#»wia-c«>s. 
i 

2 

3 

4 j**-y 
5 

6 *>fy^a 



